Abstract: Functional ZnO nanostructured surfaces are important in a wide range of applications.
48
Nanostructured surfaces are widespread in nature and many are ingeniously multifunctional. This 49 has inspired considerable effort in fabrication of hierarchical surface nanotextures. For instance, Lotus 50 leaf inspired nanostructures on silicon, TiO2, polymer surfaces exhibit superhydrophobic, self-51 cleaning and antibacterial characteristics [1] [2] [3] [4] [5] . Nanostructured surfaces on silicon, glass substrates 52 mimicking cicada/dragonfly wings or moth eye possess superhydrophobic and antimicrobial 53 characteristics, as well as gradient refractive indices for anti-reflective applications [6] [7] [8] [9] [10] [11] .
55
Surfaces bearing ZnO nanostructures are among most widely studied, with a wide range of 56 applications in gas and bio-sensing, field emission devices, ultra violet detectors, and photovoltaics 12 , 57 due to their thermostability 13 , low-cost production 14 , antimicrobial properties [15] [16] [17] [18] [19] , and 
67
Here, we report facile fabrication of multifunctional 3-D ZnO urchins on silicon (Si) substrates in a 68 solution-based synthesis at near room temperature (RT) using a one-step procedure, which could 69 also be applied on Si substrates seeded with ZnO crystals and various other substrates. The 
Materials and Methods

79
Substrates preparation and cleaning
80
Silicon substrates were prepared by cutting a silicon wafer (100 mm diameter, P type, B dopant,
81
<100>, 1-100 Ω·cm, 500 µm thick, single-sided polish, test grade, University Wafer, Inc.) into 1 cm x 1 cm squares. All substrates, including copper sheet, glass slide (Polar Industrial Corporation) and 83 polydimethylsiloxane (Dow Corning, Sylgard 184) were cleaned by a subsequent sonication in 84 acetone, ethanol, and deionized water (10 minutes in each) followed by drying with N2.
85
Seeding
86
Seeding procedure was used to produce nucleation sites for the growth of ZnO nanostructures 31 .
87
Cleaned silicon substrates were dipped in a solution of zinc acetate dihydrate (Zn(CH3COO)2·2H2O,
88
99%, Sigma Aldrich) in ethanol (CH3CH2OH, Absolute, Sigma Aldrich) for few seconds, rinsed with 89 clean ethanol and then dried with N2. This coating step was repeated 5 times for each seeded silicon 90 substrate (see Figure S1 ). Subsequently, the substrates were heated to 300° C on a hot plate, and 
Scanning electron microscopy (SEM)
110
ZnO nanostructured surfaces were imaged using field emission scanning electron microscopy (JSM-111 IT300 SEM (JEOL)). Dimension of the ZnO nano urchin-like structures were obtained from the SEM 112 images using ImageJ software. For bacterial sample imaging, substrates were first washed with PBS 113 to remove the loosely adhered cells. Substrates were then dipped in 2.5% of Glutaraldehyde to fix the 114 cells. After that all the substrates were allowed to dry in vacuum. Thin layer of gold (15 nm) was 115 sputtered on the samples using a Quorum sputter coater (Q150T) to avoid the charging effect while 116 doing the SEM. Samples were scanned thoroughly using SEM (sample size 1. 
125
The presence of crystalline ZnO after the growth procedure was confirmed using D8 Advance
126
Bruker-AXS diffractometer (Cu Kα radiation ( = 0.154178 nm), − 2 scan, 2 = 10°-90°, step size 127 -0.02 (2 ), step count -1.5 s).
128
Grazing incidence X-ray diffraction (GIXRD)
129
GIXRD analysis of the seeded and non-seeded silicon substrates used to study the time dependence 
148
Tungsten source was used for the range 310 nm -800 nm. The angle of incidence and angle of 149 reflection were set to 5° throughout the experiment. The equipment used a photomultiplier tube
150
(PMT) detector. The reflectance from a surface is evaluated by its refractive index profile 6 . In general,
151
a flat surface has a high reflectance due to the discontinuous refractive index profile, whereas 152 structured surface suppresses reflection with its graded refractive index profile 6 . 
207
To evaluate the effect of substrate seeding on the ZnO urchin morphology, the one-step fabrication 208 procedure was performed using unseeded silicon substrates (i.e. in 5 mM zincate solution at 20° C,
209
and 12 h growth time). SEM image in Figure 3a shows that urchin like ZnO nanostructures were also 
223
Time dependant growth of ZnO urchins on non-seeded silicon substrate was also studied, and SEM
224
images at different growth time intervals are shown in Figure S10 . Similar to the seeded Si substrates,
225
ZnO urchins emerged between 1-3 h of the growth time ( 
238
Growth of the ZnO nanoneedles and urchin structures were also trialled on copper sheets, soft PDMS
239
and transparent glass substrates, all seeded by dipping the substrates in a solution of zinc acetate 240 dihydrate in ethanol ( Figure S1 ). The ZnO nanostructures grown on these surfaces (Figure g-i) 241 exhibited similar urchin morphologies to the those on silicon substrates (Figure 1 ). The growth on 242 glass was also evident, as it became translucent after the growth (Figure d and Figure S12 ). This 
249
Si surfaces with ZnO urchins (both seeded and unseeded, 12 h growth time) were superhydrophilic,
250
with a water droplet placed on these surfaces spreading completely and showing a water contact 251 angle ~ 0 o (Table S1 ). They became superhydrophobic after overnight silanization (Table S1) 252 with a static water contact angle ~ 159°±1.4° ( Figure 5a ) and a contact angle hysteresis ∆ < 7°
253
was observed. For comparison, Table S1 shows that bare Si and Si coated with 20 nm ZnO thin film 254 exhibited hydrophilic behaviour with a water static contact angle ~ 36° and ~ 61°, respectively.
To further demonstrate the superhydrophobicity in dynamic conditions, a 10 µL water droplet was 256 allowed to fall on the silanized ZnO urchin surface from a height of 7 cm with a Weber number =
257
= 49, where ρ = 1 g cm -3 is the density of water, V = 2 ℎ=1.17 m s -1 the impact velocity of the 258 falling droplet , = 73.8 mN m -1 the surface tension of water, and Dw = 2.67 mm the diameter of 259 droplet (Table S1 ). The dynamic process was captured using a high-speed camera with a 10,000-fps 
267
There have been previous reports on fabrication of nanostructured anti-reflective surfaces 6,11,59-65 .
268
Different techniques such as dry etching, wet etching, metal assisted etching, nanoimprint 269 lithography, etching using O2 plasma and inductively coupled plasma, optical lithography followed 270 by etching etc. 66 have been used to fabricate such surfaces on silicon, polymers, and glass to achieve 271 low reflectance. In comparison, the fabrication method we used to achieve the low reflectance (R < 272 1%) was simple with the synthesis undertaken at room temperature without the need for 273 sophisticated instrumentation. 
285
To evaluate the bacterial interaction with the fabricated ZnO urchins on the seeded Si surface, it was 286 submerged in 2 mL E. coli culture in phosphate-buffered saline (PBS) for 24 h and then imaged with
287
SEM. This was compared with two control samples: unmodified bare Si and Si with a 20 nm sputtered
288
ZnO film ( Figure S13 ). SEM images in Error! Reference source not found.a (see also in the E. coli culture, the spiky urchin structure was transformed into the hexagonal pyramid structure
293
(see Figure S14a ). This can be attributed to the formation of sodium zinc phosphate hydrate (NaZn-
294
PO4.H2O) 67 due to the reaction between ZnO urchins and the PBS (cf. XRD data in Figure S14b) 
299
of the bacterial membrane, although the detailed mechanisms remain to be fully understood 3, 11, [68] [69] [70] [71] .
300
Hence, we suggest that the ZnO urchin surfaces could prevent bacterial growth by combining 
322
On the seeded Si substrate, a primary growth step of the vertical ZnO nanoneedles was identified 323 preceding the secondary urchin growth. The ZnO urchin coated surface exhibited anti-reflective
324
properties, reducing the reflectance to less than 1%. It was highly hydrophilic, with a water contact angle of ~0 o ; after silanization, it exhibited superhydrophobicity with a water contact angle of 159°
326
and hysteresis smaller than 7°. In addition, its dynamic hydrophobicity was demonstrated by 327 bouncing-off of a water drop as captured by a high-speed camera, with resident time of 15.9 ms.
328
Furthermore, the ZnO urchin surface showed bacteriophobic behaviour, as compared to the control
329
Si and ZnO-coated surfaces, with no bacterium colonization observed on the surface after 24 h 
